This systematic review explored the effectiveness of technology-based interventions in promoting the mental health and wellbeing of people aged 65 and over. Data were collected as part of a wider review commissioned by the National Institute for Health and Care Excellence (NICE) in England on the effectiveness of different actions to promote the mental wellbeing and independence of older people. All studies identified through this review were subject to a detailed critical appraisal of quality, looking at internal and external validity. Twenty-one papers covering evaluations of technological interventions were identified. They examined the psychosocial effects of technologies for education, exposure to, and/or training to use, computers and the internet, telephone/internet communication and computer gaming. Few studies took the form of randomized controlled trials, with little comparability in outcome measures, resulting in an inconsistent evidence base with moderate strength and quality. However, three out of six studies with high or moderate quality ratings (all focused on computer/internet training) reported statistically significant positive effects on psychosocial outcomes, including increased life satisfaction and experienced social support, as well as reduced depression levels among intervention recipients. The review results highlight the need for more methodologically rigorous studies evaluating the effects of technology-based interventions on mental wellbeing. Well-performed technology-based interventions to promote various aspects of mental wellbeing, as identified in this review, can serve as best practice examples in this emerging field.
INTRODUCTION
With major advances made in health research and the increased life expectancy rates in the Western world, the older adult population is rapidly growing. Although the body of research on healthy ageing is large-aiming to increase average healthy life years by 2020 (European Commission, 2016)-research on optimizing mental health and wellbeing in later life through various V C The Author 2017. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com Health Promotion International, 2018; 33:1042 -1054 doi: 10.1093/heapro/dax047
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Article interventions is still quite scarce. Furthermore, the majority of studies in this field of research have focused on supporting the mental wellbeing and independence of older people in a fragile state and/or living with complex chronic health problems, or those who are in need of treatment and support for mental and behavioural disorders such as depression or dementia . There is, however, a need for increased emphasis on optimising mental health and wellbeing for all throughout life, including actions to promote active ageing through psychosocial approaches (Walker and Maltby, 2012) . Psychosocial initiatives as defined by e.g. Ruddy and House (2005) -aimed at promoting and maintaining the mental health and wellbeing of healthy older adults-have earlier been highlighted not only as effective (Forsman et al., 2011; Masi et al., 2011) but also potentially cost-effective . What is still largely unexplored, though, is the specific potential of applying new technologies and innovative measures to deliver interventions aiming to support and protect mental wellbeing and other psychosocial dimensions of health in older adults. The UK Foresight report (The Government Office for Science, 2008) highlights that there is a strong case for giving priority to research that assesses the potential use of technologies for promoting wellbeing through the life course. One aspect specifically highlighted in the report is the potential of information and communication technologies (ICTs) for enabling older adults to remain economically, but also socially, active for longer. Technology-based interventions, i.e. interventions disseminated via/accessed through use of a technological device (e.g. computer, telephone) or process (e.g. internet, video), have the potential to promote the mental health and wellbeing of the older population, including those at higher risk of poor mental health, e.g. older adults living alone in rural areas or spousal caregivers (WHO, 2016) . Initiatives with a technology-based focus in terms of delivery or content may provide an efficient and cost-effective way of implementing large-scale health promotion initiatives targeting older adults in general and hard to reach groups. This potential will only increase with the growing use of, and familiarity with, ICTs by successive generations of older people.
In 2014, we were commissioned by the National Institute for Health and Care Excellence (NICE) in England to undertake a systematic review to identify what works in promoting and maintaining wellbeing and independence among community-dwelling older people who did not have any substantive health or social care needs. The NICE guidance on interventions to promote mental wellbeing was underpinned by a systematic review of the evidence of effectiveness and cost-effectiveness of a broad range of interventions. In response to the research gaps highlighted in the recently launched NICE guidance on interventions to promote mental well-being in older people (NICE, 2015) , this paper aims to review the impact of technology-based interventions. Specifically it aims to highlight the potential of applying or making new technologies available to older adults-as a mechanism in the promotion of mental wellbeing in later life. Thus, this paper focuses on one intervention cluster identified from the larger review data material: i.e. technologybased interventions.
OBJECTIVES
This review seeks to address the following research questions: to what extent does the evidence on technologybased interventions for the promotion of mental wellbeing and/or independence among older adults provide support for their effectiveness-and what are the main characteristics of effective interventions?
METHODS
Seven bibliographic databases (Medline, PsycINFO, Ageline, ASSIA, ERIC, Social Care Online and DARE), supplemented by limited searches of Google Scholar and complementary hand searches of relevant websites, were undertaken (search strategies can be found in Supplementary Appendix S1). Interventions had to focus on individuals who did not have any substantial health or social care needs and who were living independently in the community. They included technology-based interventions designed to promote mental wellbeing or independence. The review also covered interventions that partly or solely were aimed at improving the wellbeing of spousal carers, relatives and friends of older people. Study populations needed to be aged over 65 or over the age of 55 and retired. Interventions delivered by health and social care professionals were excluded. The review covered the period from 2003 to 2014 and only included English language publications, although some Spanish language studies closely linked to English language publications were also included.
The primary outcome of interest in the reviewed studies was the impact on mental wellbeing and independence. Different definitions of both mental wellbeing and independence mean that these constructs could be operationalized in various ways. A pragmatic approach was adopted, including a large variety of instruments that measure the positive end of the mental health spectrum. Specific outcomes included are for example life satisfaction, aspects of quality of life associated with positive mental wellbeing (e.g. some components of the SF-36 and the General Health Questionnaire [GHQ]), empowerment and capability, as well as social resources, social inclusion and civic participation.
Records identified through the systematic searches were collated and duplicates were removed. Records were double-screened and full texts for those identified as relevant by at least one of the two reviewers were examined. Where reviewers were in doubt on eligibility, an agreement was sought through team discussion. Methods recommended by NICE to assess both the internal and external validity-covering participant characteristics, allocation methods, assessed outcomes and data analysis methods-of intervention studies were then followed (NICE, 2012) , with all quality assessments checked by a second reviewer. This included making use of a 26-item detailed checklist, the Graphical Appraisal Tool for Epidemiological studies, modified by NICE to make it more suitable for public health interventions (Jackson et al., 2006) . The assessed quality of all included studies is presented in Table 1 (quality and external validity score for all studies reported in Supplementary Appendix S2). Further details on review inclusion and exclusion criteria, target population, outcomes of interest, and the review methodology employed can be found in the evidence review report prepared for NICE (McDaid et al., 2015) .
As the number of studies employing an RCT design and looking at comparable outcomes was low, it was not possible to conduct a meta-analysis. Results are thus presented in the form of a descriptive synthesis of the identified studies, considering them in regards of study design and intervention content.
RESULTS
As the PRISMA flow chart in Figure 1 shows 18 513 abstracts were initially assessed with 21 papers reporting on 19 evaluations of the effectiveness of technologybased interventions ultimately included in the review. The included studies examined the psychosocial effects of Training courses on computing and use of the internet, Using the internet and multi-media to promote lifelong learning, Telephone and internet communication, and Computer gaming and video game consoles. Few studies took the form of randomized controlled trials (RCTs) with little comparability in outcome measures. A more comprehensive overview of study characteristics is available in Supplementary Appendix S2, while Table  1 provides an overview of study design, intervention content, and results for outcomes of interest. A number of studies (Cotten et al., 2013; Cornejo et al., 2013a, b; Dow et al., 2008; Jimison et al., 2013; Newall and Menec, 2015; Torp et al., 2013) were excluded from this synthesis of findings as they did not report data on outcomes of interest or provided only correlational baseline data. Although the focus here is on reporting of statistical data, many studies have performed qualitative evaluations that, while not reported in-depth here, are useful when considering intervention adherence and acceptability.
Synthesis of findings according to study design and intervention content
When organizing publications according to study design, six studies were classified as RCTs. Of these six studies, three evidenced no statistically significant effects regarding outcomes of interest (Mountain et al., 2014; White et al., 2002; Woodward et al., 2011) . The Lagana and Garcia study (2013) , involving a training course on computing and internet use (one-on-one ICT training) for 30 non-institutionalized older adults, evidenced a statistically significant decrease in depression in the intervention group, while no effect was detected for self-esteem. In another RCT study (Slegers et al., 2007 (Slegers et al., , 2008 ) also involving a training course on computer and internet use for older adults living independently, statistically significant improvements were found for social networks and frequency of engagement in various activities for intervention participants, while other outcomes of interest showed no change. The results were, however, related to which one of the two active intervention arms participants were allocated to, i.e. how comprehensive the intervention was. Kahlbaugh et al. (2011) implemented a computer gaming and video game console intervention involving older adults' use of Nintendo Wii technology together with a research assistant. The results showed statistically significant decreases in loneliness for the 16 intervention recipients, with non-significant results for a further three outcomes of interest.
Six studies used a quasi-experimental design, with all studies except Fernandez-Ballesteros et al. (2005) and Caprara et al. (2013) reporting comparative data. Shapira et al. (2007) studied older adults attending day centres or living in nursing homes who received a computing and internet use training intervention; statistically significant improvements in three outcomes (sense of mastery, depressive symptoms and loneliness) for the 22 intervention participants compared with controls were found. Results for quality of life were not significant, with both groups experiencing a slight decline. Another quasi-experimental study focusing on computing and internet use training delivered by peer tutors (Woodward et al., 2013) did not find any significant results for perceived social support, depression and quality of life among the 19 participants. Results for loneliness and social support networks were also non-significant overall, but interaction effects looking at differences between ICT use among beginners and intermediate learners evidenced effects benefitting the beginner group. The Fitzpatrick (2003) study, where a computing and internet training intervention was implemented among nuns living in a retirement community, reported slightly higher subjective wellbeing in the control group compared with intervention participants after training (no between group comparison statistical analysis was performed). An intervention focusing on life-long learning supported by internet and multi-media use (Ferná ndezBallesteros et al., 2004 , 2005 reported statistically significant improvements in activity level among both community living and residential living recipients of the multimedia intervention, compared with the control group. Life satisfaction showed mixed results when looking at the post-intervention measurements, with the second intervention group (community-living older adults) reporting an improvement, but this was not seen in either the first intervention group (residential living older adults) or in the control group.
Seven of the included studies applied an uncontrolled before-after intervention design. The Campbell (2004) and Campbell and Nolfi (2005) studies, evaluating computing and internet use training interventions, evidenced no statistically significant result for the considered locus of control outcomes. In the Torp et al. (2008) study, a computing and internet use training intervention was Studies listed according to intervention design. Statistically significant increases/decreases for outcomes of interest reported where available. Key: þþ, All or most of NICE quality checklist criteria fulfilled, where they have not been fulfilled conclusions are very unlikely to alter; þ, Some of the NICE checklist criteria have been fulfilled, where they have not been fulfilled, or not adequately described, the conclusions are unlikely to alter. -, Few or no NICE checklist criteria have been fulfilled and the conclusions are likely or very likely to alter; IG, Intervention Group; CG, Control Group; MA, mean age; (incr.), Increase; (decr.), Decrease; n.s., results for outcome statistically non-significant. * Statistically significant p 0.001.
implemented among spousal carers; analyses identified statistically significant improvements in intervention recipients' social contacts and perceived social support while the need for knowledge about stress and mental health and related use of ICT decreased. On the other hand, no statistically significant changes in burden of care or mental health status were found among the 19 participants. Another study focusing on computing and internet use training (Bla zun et al., 2012) evidenced significant effects on loneliness and other social indicators. Here, various interaction effects emerged with regard to the intervention recipients that included both older adults living in care homes in Slovenia, as well as communitydwelling older adults from Finland. Two of the studies applying an uncontrolled before-after design studied the potential positive impacts of telephone and internet communication. However, Bernard et al. (2011) report only on outcomes directly related to the intervention experience (an intergenerational telementoring program) among the 18 participants. The Larsson et al. (2013) study was limited by the small sample size (five participants) and the subsequent individual-level clinical outcome assessment when evaluating the effects of the intervention centered around social internet-based activities (SIBAs). Studenski et al. (2010) analysed mental health outcomes among retirement community residents receiving a computer gaming and video game console intervention (an interactive video dance game adapted for older people), and found a statistically significant increase in positive mental health among intervention participants.
Methodological quality
Only two studies in this review received the highest rating for methodological quality ( þþ), while four studies were of moderate quality (þ). The remainder of the studies received low scores for methodological quality, limiting the generalisability of study results. When considering the effects of studies evidencing high or moderate methodological quality, the majority being RCT's, three of these studies evidenced no statistically significant effects (Mountain et al., 2014; Slegers et al., 2007 Slegers et al., , 2008 White et al., 2002) . The remaining three studies (Lagana and 
DISCUSSION
The aim of this systematic review was to collate and evaluate evidence on the effectiveness of technologybased interventions for the promotion of mental wellbeing and independence among independent older adults. The review suggests that there is a lack of methodologically rigorous evaluations within this area. This fact, coupled with a lack of comparable outcomes between studies, results in the strength of the evidence being moderate and inconsistent. Further, many outcomes of interest included in the studies reported no statistically significant or clinically significant intervention effects, and a slight decrease in one of the four reported outcomes (quality of life) could be noted in one of the studies (Shapira et al., 2007) . The review findings should therefore be interpreted with caution. However, the limited and mixed evidence could also stem from the psychosocial intervention approach evaluated, where the primary outcome was mental wellbeing-which is a concept of contested nature-and the focus on a target group not experiencing substantial health or social service needs, nor reportedly experiencing low mental wellbeing to begin with.
Despite these limitations, when considering only the six studies with high or moderate quality ratings, three of these studies did report significant beneficial effects on one or several wellbeing outcomes for participants receiving the technology-based interventions. The intervention content in these three studies focused on computing and internet use training, and highlight how training and uptake of computing technology use can contribute to positive mental wellbeing through reduced loneliness and depressive symptoms, as well as increased life satisfaction and quality of life.
One of these studies with a moderate quality rating was a quasi-experimental study looking at the effects of a 15-week course (one or two lessons per week, $ 1 h long) of computer and internet classes, evidencing various beneficial effects for outcomes of interest among intervention participants compared with controls (Shapira et al., 2007) . The instructors and volunteer helpers were particularly experienced in working with older people. Participants were encouraged to use computers and the internet in the computer classrooms in between training sessions, which they did. Notably, these participants were aged 70 years and over (mean age 80þ for both intervention and control group), and attended centres for older adults or resided in assisted living facilities.
Attempting to understand the positive results, the authors conducted post-intervention interviews with intervention participants, identifying four key factors: learning in an innovative field; social benefits of using online communication; experiencing involvement and action; and positive feelings stimulated by using the internet (Shapira et al., 2007) . It could be that the key mechanism here is the social element in the intervention content and/or activities, or the intervention activity as an enabler of increased social interaction (e.g. e-mailing etc.)-one of the main factors mentioned by the participants in the study.
Another study evidencing methodological rigour (Torp et al., 2008) reported positive effects of a computer/internet use intervention on older caregivers' social contacts and perceived support. These results highlight the potential of targeting this group as they may be at increased risk of poor wellbeing due to demands of caring. The authors noted that the study results might be enhanced if caregivers more new to their role and not already receiving various support services could be targeted. More evidence is thus needed before we can draw any firm conclusions on the effectiveness of interventions targeting vulnerable groups such as spousal caregivers or people residing in remote rural areas (often with transport limitations).
In their discussion, Slegers et al. (2008) note that the computer use training intervention could eventually have been more effective for older adults with e.g. functional limitations, as the group included presented with a good physical, mental and social health status. This is echoed by White et al. (2002) , who stated that a lack of statistically significant differences may be due to ceiling effects on the measures (e.g. low baseline depression scores), and that intervention participants appeared to gain in e.g. self-efficacy, mastery and empowermentoutcome measures not included in the evaluation.
Given that the more rigorous findings focus on computer and internet use, it is also important to bear in mind demographic and socio-economic factors that may affect the uptake and use of these technologies (Yu et al., 2015; Ma et al., 2015) . Agree (2014) has earlier highlighted both the potential that new ICT-related options carry for the older adult population, as well as issues of access and usability. Factors such as rurality need to be considered; in some countries this may be correlated with educational levels, general socioeconomic status, thus affecting technology use and interest through e.g. mechanisms of affordability. Illustrating this point, the study by Bla zun et al. (2012) highlighted how older participants receiving computer training courses and living in towns had more favourable intervention outcomes compared with those living in the countryside. On the other hand, White et al. (2002) did not find any perception that a lower educational level was related to internet use among study intervention participants, illustrating variability in these factors.
Study limitations
As the number of included studies employing a controlled design and looking at comparable outcomes was low-only six RCT studies and four quasi-experimental studies with eligible data-it was not possible to conduct a meta-analysis, pooling pre-and post-intervention measurement data. In addition to highlighting the weak and inconsistent evidence on technology-based interventions targeting older people, this review also highlights important knowledge gaps such as the cost effectiveness of these interventions (Schulz et al., 2015) . Although a wide range of databases were covered, the review was limited to English language materials, while further evidence may have become available beyond the time period covered by the review.
Implications for research and practice
These review results highlight the need for more methodologically rigorous studies evaluating the effects of technology-based interventions aimed at promoting older adults' wellbeing. From the findings presented here, it is evident that targeted interventions with clear aims and well-defined outcomes are still rare to find. Possibilities for comparative analyses are limited due to the broad range of outcome measures utilized, with some instruments not adequately validated and/or only encompassing single question measurement. As also evidenced in the results here, pre-and post-measurements of wellbeing outcomes among participants receiving an intervention may seem promising, but when considered in the light of (and compared with) control group evidence, they may be seen differently. Another important point when considering the results is exemplified e.g. in the Campbell and Nolfi (2005) study, where sensitivity analysis rendered the statistically significant results (favourable for intervention participants) statistically non-significant. Subgroup analyses should be included in the study protocol to ensure that valuable insights and findings regarding participant characteristics that may have an impact on outcomes are not overlooked. Although the target group of independent older adults may seem rather narrow, this population spans many subgroups when considering socio-demographic factors, individual-level differences in interests, capabilities and inclinations.
In this specific review, the interventions encompassed technology use. Stereotypes regarding older adults' interest in, and ability to use, technological devices need to be addressed. Many older adults are positive to technology-use if they perceive benefits of use and usability (Chen and Chan, 2011; Ma et al., 2015) . Results from studies included in this review illustrate this important point, as one of the intervention mechanisms sometimes contributing to improved wellbeing is the actual acquisition of technology-related skills (e.g. related to computer or internet use). It is also important to note that there may be other benefits associated with use of technology, which we have not considered in this review. Data from the English Longitudinal Study of Ageing for instance, suggests that engagement with the internet can help to promote the maintenance of general and functional health literacy skills and reduce the risk of impairment in managing the activities of daily living during the ageing process (Kobayashi et al., 2015; d'Orsi et al., 2014) .
CONCLUSIONS
When considering studies with a sound methodological rigour, limited evidence favourable to interventions can be identified. This is concentrated on training in computer and/or internet use. Although non-significant changes were reported for many outcomes of interest in the included studies, the authors of the original studies provide useful insights into explanatory factors regarding samples and outcome measurements that may explain these results. These conclusions, as well as lessons learnt from more successful trials should be considered in the implementation of future intervention initiatives in this field. Results stress the fact that not only younger age groups, but also older adults can benefit from innovative technological health-promoting initiatives. Furthermore, this evidence base needs to be built on to determine whether these findings can be replicated.
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